Background -Emphysema is currently defined as "a condition of the lung characterised by abnormal, permanent enlargement of the airspaces distal to the terminal bronchiole, accompanied by destruction of their walls, and without obvious fibrosis." The functional and morphological changes that occur in emphysema have largely been attributed to changes in alveolar elastin rather than in collagen. A study was performed to determine whether the amount of collagen in the alveolar wall changes with age in the lungs of non-smokers and of smokers with different types of macroscopically defined emphysema in relation to a microscopic measurement of lung structure. Methods -Total alveolar wall collagen was measured (as hydroxyproline) in known volumes of distended lung tissue (by reverse phase high pressure liquid chromatography) in the lungs of nonsmokers (n = 23) and in regions sampled away from emphysematous lesions in the lungs of 36 smokers (four with no emphysema, 13 with centriacinar emphysema (CAE), nine with panacinar emphysema
destruction of their walls, and without obvious fibrosis." The functional and morphological changes that occur in emphysema have largely been attributed to changes in alveolar elastin rather than in collagen. A study was performed to determine whether the amount of collagen in the alveolar wall changes with age in the lungs of non-smokers and of smokers with different types of macroscopically defined emphysema in relation to a microscopic measurement of lung structure. Methods -Total alveolar wall collagen was measured (as hydroxyproline) in known volumes of distended lung tissue (by reverse phase high pressure liquid chromatography) in the lungs of nonsmokers (n = 23) and in regions sampled away from emphysematous lesions in the lungs of 36 smokers (four with no emphysema, 13 with centriacinar emphysema (CAE), nine with panacinar emphysema (PAE), and 10 with a mixture (MIX) of both PAE and CAE). Mean lung airspace wall surface area per unit volume (AWUV) was calculated from at least six random blocks per lung and on histological sections immediately adjacent to those prepared for collagen measurement with a rapid scanning device (fast interval processor). Results -In non-smokers there was no significant correlation between the amount of collagen in the alveolar wall tissue and either mean lung AWUV or increasing patient age when amounts of collagen were expressed either per unit volume of distended lung (40 mm3 sample) or per unit surface area of airspace wall tissue. Smokers without emphysema had similar amounts of collagen to non-smokers. Lungs with PAE and MIX, but not CAE alone, contained significantly more collagen than normal when expressed per unit volume of airspace wall tissue whereas all groups, including CAE, contained significantly raised amounts of collagen when expressed per unit surface area. Conclusions -There is no significant age related change in the collagen content of the lungs of non-smokers which suggests that, as AWUV is lost with age, the main collagenous framework is maintained. However The presence of collagen in the extracellular matrix is fundamental to the normal structural integrity, compartmentation, and functional capacity of the lung. Collagens are found in abundance in airways, vessels, pleura, basement membranes, and alveolar wall tissue. Both collagen and elastin are found in intimate association within the alveolar wall matrix, and form an intricate network of supporting fibres running through the interstitium.1 Collagen types I and III, in a ratio of approximately 2:1, are the main fibrous components of the interstitium, representing more than 90% of all parenchymal collagens.3 Any alterations in alveolar wall structure are therefore likely to be a consequence of changes in the collagenous composition of the tissue. It has been suggested that the collagens of parenchymal tissue have an important role in lung compliance. 45 Pulmonary emphysema has been defined in pathological terms as "a condition of the lung characterised by abnormal, permanent enlargement of the airspaces distal to the terminal bronchiole, accompanied by destruction of their walls, and without obvious fibrosis."6 The increase in airspace size with concomitant loss of alveolar wall tissue that occurs in emphysema can be quantified indirectly by measuring airspace wall surface area per unit volume of lung tissue (AWUV). A range of normal AWUV values in relation to age was recently established in a study of the lungs of non-smokers.7 Current concepts of the pathogenesis of emphysema implicate neutrophil derived proteinases, particularly human neutrophil elastase, as mediators of alveolar wall matrix destruction. Macroscopic emphysema was considered present if airspace size was greater than 1 mm in diameter on inspection of the mid sagittal slice from the lung or lobe.'8 Lungs were assessed by an experienced pathologist (DL). Macroscopic emphysema was classified according to its distribution within the acinus as (1) centriacinar emphysema (CAE) -airspace enlargement around the respiratory bronchioles with parenchymal tissue surrounding CAE lesions appearing normal to the naked eye; (2) panacinar emphysema (PAE) -airspace enlargement affecting the whole acinar unit; and (3) mixed emphysema (MIX) -both CAE and PAE lesions present in the same specimens. '9 Microscopic emphysema was considered to be present if the mean AWUV of the specimen was lower than the range of age related AWUV values recently described in non-smokers.7 In the emphysematous lungs both morphometric and biochemical analyses were carried out on regions both remote from any lesion and devoid of macroscopic emphysema.
Lungs were included in the control group only if clinical records stated that the subjects were "life long non-smokers." Twenty three lungs were from life long non-smokers and 36 were from smokers with either no emphysema, CAE, PAE, or MIX. The non-smokers included lungs from patients aged 22-82 years, while the age ranges of the smoking groups were significantly smaller (table 1). To prevent the introduction of bias in the collagen comparisons the non-smokers were age matched with the different smoking groups. The nonsmoker group contained a number of necropsy lungs from young individuals (age range 22-32; n = 8). These lungs were excluded from any comparisons with the smoking groups. Further details of the ages of the non-smokers and each of the different smoking groups are shown in table 1. By normalising our collagen amounts to local lung structure we were able to eliminate any possible variations in shrinkage with length of storage in fixative. We are unaware of any effect of formalin fixation on the determination of hydroxyproline. Control experiments on lung samples from different regions of the same lung, with or without formalin fixation, showed no significant difference in collagen amounts per unit volume (data not shown). Furthermore, the storage times of the various experimental groups were similar, hence any long term effects of formalin fixation would apply equally to all groups.
STATISTICAL ANALYSIS
In the non-smoking group the effects of ageing and mean lung AWUV on the hydroxyproline 20 CAE= cenitriacinlar emiphlisenma; PAE =panacinar emphysema; MIX= both CAE anzd PAE. Data analwses were made oni sinilar age grouips. In the CAE, PAE, anid MIX Ilunlgs samiples were taken from regionis showintg 710 niiacroscopic emphksenia. Fo-each grouip mediani collageni content i's represenited by a horizontal bar. Signiificanit differeniccs froni the non-snioking group are indicated: * p<O 0s, ** p<0-005. /B, As /A; wilth collageni expressed per ltout sirace area ot alzeolau zvall tiss e. Significant differences fromi the non-smoking grolup are intdicated: * p < 005, ** p < 0005.
age matched non-smoking group. Figures 3A  and B show the collagen contents of the lungs of individual non-smokers and smokers. There was an increased scatter in the data for CAE, PAE, and MIX lungs compared with both the non-smokers and the smokers without emphysema.
Discussion
In this study we have quantified airspace structure morphometrically in emphysema and related our measurements to biochemical estimations of collagen content. Emphysema was classified into subtypes depending upon the distribution of abnormal airspace within the acinar unit. Analyses of collagen content in emphysematous lungs were performed in areas with minimal macroscopic abnormality. As There have been few previous studies of the changes in the amount of collagen in patients with emphysema. Emphysema is usually regarded as a condition of the lung in which elastin amounts are altered, although data on this are conflicting with reports of either no change,'2 or decreased amounts""'3 of elastin. Changes in collagen have been more closely associated with inflammatory diseases such as idiopathic pulmonary fibrosis (cryptogenic fibrosing alveolitis) in which increases in the total collagen have suggested a progressive deposition of collagen throughout the disease. '4 Normal lung collagen homeostasis requires that collagen synthesis be counterbalanced by mechanisms in which collagen is degraded.2526
A tight balance between synthesis and degradation of connective tissue proteins therefore enables tissue which is rich in collagens, such as alveolar wall, to function normally. Our data indicate that in emphysema (CAE, PAE, and MIX lungs) there is likely to be an imbalance between the two processes which leads to an increase or accumulation of collagen mass within the tissue of the alveolar walls. Turnover studies are required to determine whether the observed increase in collagen in emphysema is due to increased synthesis, decreased degradation, or both. 
